Equilibrium geometric structure of 5-Bromo-2-methoxybenzonitrile (5B2MOBN) has been carried out through quantum mechanical calculations aided by Density Functional Theory (DFT). Geometrical parameters (bond length, bond angle and dihedral angle) are predicted by using DFT levels employing HF/B3LYP methods with 6-311++G (2d,p) as basis set. The FT-IR and FTRaman spectra of the 5B2MOBN were recorded and analyzed by the same level of theory. Frequency doubling and Second Harmonic Generation (SHG) applications are exist in the title molecule, so that the Non Liner Optical (NLO) properties were calculated by the same method with different basis sets.
INTRODUCTION
Benzonitrile is the child molecule to the parent molecule ammonia to toluene, which had the enormous changing with the consequence of the particular ratio. 1 The fragrances, cosmetics, steroid, aromatic alcohols for color removers, solvents for fatty acids, hydrocarbons and oils are used with benzonitrile as a chemical broker. . Benzonitrile compounds had high toxic and irritating product. World Wide Organization set the range of benzonitrile while using the daily usage products. Toxicity effect used for evaluated in prokaryotic and eukaryotic systems. Which evaluation provided the sharp detail and carcinogenicity, chronic toxicity, and mutagenicity 4 . Anisole (methoxybenze) is another form of benzonitrile as it allows for dipolar and dispersion interactions while its capability to be involved in stronger interactions, such as hydrogen bonds, is limited to the role of proton acceptor.In analytical chemistry, the ortho-substituted derivatives of bromo are used as reagents also identified the anesthetic problems and brain diseases are cured through these drugs 5 . The benzene ring in 5-Bromo-2-methoxybenzonitrile (5B2MOBN) has three substituents such that the bromo and methoxy groups are at meta and ortho position respectively with respect to the cyano group. The methoxy and cyano groups are generally referred to as electron donating substituents in aromatic ring systems. The joining of cyano group in benzonitrile and the aromatic ring creates the migration of the nitrogen atom.
Associations of molecular structural design, nonlinear retort and hyperpolarizability were finding from the vibrational spectra studies of the molecules. The structure of the particle has been leaded by the spectra in juxtaposition through quantum chemical computations. For the spectral approaches unchangeable due to different theoretical methods and series of semi empirical to DFT approaches because every method had its inbuilt capacity 6 . To investigate the structural and vibrational characteristics were executed by HF level ab initio calculations. The present letter 5-Bromo-2-methoxybenzonitrile (5B2MOBN) have inspected both observed and calculations method. The literature review concluded that, there are no publications of the title compound 5B2MOBN using the theoretical methods. From the equilibrium molecular structure, parameters and vibrational assignments help to determine the results of the interior properties of the molecules. Hyperpolarizability and thermodynamical properties are predicted using the HF/DFT methods using the hybrid basis sets.
Experimental details
The compound 5B2MOBN provided a sturdy purity of larger than 99% and used as such without any additional refinement by Sigma-Aldrich Chemical Company, the USA. The FT-Raman (FTR) spectrum of 5B2MOBN has been recorded using 1064 nm line of Nd: YAG laser as excitation wavelength in the region 50-3500 cm -1 on a EZRaman, En wave optronics, USA IFS 66 V spectrometer. The Fourier transform infra-red (FTIR) spectrum was recorded using 8400S Bruker, Alpha T, and Germany infrared spectrophotometer using pellet technique in the region 4000-400 cm -1 . At the room temperature with scanning speed of 30 cm -1 min -1 the spectra are traced. The Fig.2 & Fig.3 shows the association of both observed and calculated IR and Raman spectra of 5B2MOBN. The above spectra are conceded out at the Department of Nanotechnology, Noorul Islam Centre for Higher Education (NICHE), kumaracoil, Thackalay, Kanyakumari District.
The spectra are computerized using the HF/B3LYP with basic set and the output spectra are monitored threw Gauss sum program, which gives the Raman intensities spectra directly 7 . This program equating the intensity theory of Raman scattering derived relationship and produces the modified Raman intensities data. The assignments give the same results while compared with the three basic sets. The Raman intensity data also merged with the dynamic basic sets which confirmed the formation of methylbenzonitrile. The calculated vibrational frequencies are tabulated as shown in Table. 3.
Computational details
The GAUSSIAN 09W program is used for predicted the quantum computational calculations of 5B2MOBN with the original version with three parameter functional by way of applying ab-initio Becke-Lee-Yang-Parr hybrid method in correlations HF/B3LYP 8 level with basis set on Intel Core i3 3.3GHz processor personal computer to derive the complete geometry optimization 9 . Gaussian software is a super positioning tool for developing fields of computational physics like structural analysis, reaction mechanisms, potential energy values, charge distributions and excitation energies of the compound 10 . The single point energy calculation is computing the energies of specific molecular structures and the allied molecular properties are predicted initially. Geometry optimizations calculating equilibrium structure of molecules, optimizing transition structures and energy minimizations at dynamic basic sets. From the second derivatives the energy has been calculated the FT-IR, Raman frequency computing and intensities plots are done by the Gauss sum program. The vibrational assignments with TED are calculated and explained using the Scaled quantum mechanical program using VEDA 4.0. Software 11 . An elevated degree of precision at the customarily considerations along with obtainable linked by the GAUSSVIEW program are made by the molecules vibrational frequency assignments.
RESULTS AND DISCUSSION

Optimized geometry
5B2MOBN compound optimized structure has been illustrated (Fig.1) . The stable minimum energy calculated as -3008.21301245 and -3012.6812156 a.u, by HF and B3LYP functional with the standard basis sets. The predicted atomic lengths, atomic angles and torsion angle or dihedral angles from the above method are tabulated in Table. 1. There is no data on the optimized structure and equilibrium parameters of 5B2MOBN do not exist in earlier reports through the literature survey. The microwave data are slightly small while compare with theoretical value of the optimized atomic lengths be in the right places to isolated title compound in gaseous phase. The predicted geometrical parameters of the two different basis sets are almost similar. The theoretical values had good agreement with the microwave data. Benzene ring had six carbon atoms and hydrogen atoms which carbons atoms had same lengths and angles and hydrogen atoms had some changes. The molecule have modify in the different chemical and physical assets because of the hydrogen in benzene ring which acts as the trepidation of the valence electron distribution. The recent molecule interactions to the substituents are indicating the benzene ring angular changes 12 .
The molecule has seven carbons bonds, six C-H, two C-O, C-N and C-Br bonds. There is no crystal structure for the 5B2MOBN, benzene ring appears a small hazy with carbon to carbon atom bond length next to the substitutions place (≈1.40Å) longer than the carbon bond (C5-6) in the middle of the ring substituted in the bromo (≈1.36Å). The distorted elucidates that the substituted on the ring can affect the hybridization and bond lengths of the carbon atoms. The bond length of C-C increase while compare with benzene ring this shows the angle between substituted atoms has little modified hexagonal structure of the angles. From that result, it is found that the benzene ring has almost the same length of the all carbons bond and deviation should be around 0.005 Å it only corresponds with the earlier reports. The length of the Ca≡N bond had 1.15Å is computed by both basic sets and 1.13 Å is observed for the benzonitrile in early results. Both results had good correlation and the minimum deviation level is 0.02Å, whose result is shorter than the single bond carbon and bromo group as valued is 1.13 Å for both the basis sets. At last, the length of the carbon bromo bond is calculated and merged with the observed value as 1.88 Å which is reported by M. Elanthiraiyan et al., 13 . The angles between the bonds have been predicted by an atom that has the corresponding results while comparing with the microwave data.
Vibrational spectra
There are 45 vibrational assignments are assigns for the 5B2MOBN molecule. In the 45 assignments C1 point group symmetry. Every vibration intended for N atomic molecules had 2N-3 and N-3 is both bending. As a result 14 in-planes (β) and 9 out of plane (δ) bending are identified for 5B2MOBN 28 of all 45 vibrations.
In the novel compound of 5B2MOBN are premeditated the harmonic vibrational frequencies at B3LYP level by various basis sets have specified in Table. 2. Experimental data and the portrayals alarming the mission also have designated in Table 2 gives the coherent basis for the assignments and shows that the molecules assignments as well as IR & Raman intensities of the title molecule. In Figs.2 and 3 shows the comparisons of experimental and calculated spectra.
CH vibrations
Four kinds of CH moieties are calculated in the title compound 5B2MOBN. In this CH moieties have been listed, six CH stretching, in plane as well as torsion vibrations. The scenery of the substituent does not align because of these stretching vibrations. The stretching has most feasible frequency between the regions at 0  0  C3-C9-C8  119  120  H16-C5-C6-C8  -180 180  C3-C9-C10 120  120  C5-C6-C8-C9  0  0  C8-C9-C10 120  120  C5-C6-C8-H17  180 180  Br7-C6-C8-C9  -180 180  Br7-C6-C8-H17  0  0  C6-C8-C9-C3  0  0  C6-C8-C9-C10  -180 -180  H17-C8-C9-C3  -180 180  H17-C8-C9-C10  0 
Ca≡ ≡ ≡ ≡ ≡N vibrations
In the CN moieties, stretching frequency is the intensively localized one due to the TED for this frequency contains good contribution from that constant value of stretching force. In the benzonitrile molecule, the cyano group (Ca≡ ≡ ≡ ≡ ≡N) vibrational wave number is almost unchanged because of it joined together the phenyl ring as a new substituent. For the aromatic compound which bears a Ca≡ ≡ ≡ ≡ ≡N group attached to the ring, a band of good intensity has been absorbed in the region 2240-2221 cm -1 16 and it is being attributes to Ca≡ ≡ ≡ ≡ ≡N stretching. Br is the electron acceptor groups; it decrease the IR band intensity and increases the wave number value to the higher limit of the characteristic spectral region. CH 3 is the electrons donating groups, it increase IR intensity and decrease wave number value 17 . These electron acceptor groups are the main impact for the shifting for Ca≡ ≡ ≡ ≡ ≡N vibrational wave number. FTR spectra frequency at 2338 cm -1 for Ca≡ ≡ ≡ ≡ ≡N (ν) vibrations found for 5B2MOBN. The calculated wavenumbers of stretching vibrations at 2313cm -1 coincide with the FTIR value. This is the ideal frequency of the whole molecule which confirmed the CN stretching with 90% assignment. The bending vibrations(β) of the molecule for Raman and FTIR spectra spotted at 424, 310, 126 cm -1 and 665, 626 cm -1 , respectively 18 . These experiment values are well agreement with the calculated frequencies.
C-C and C-C-C vibrations
Benzonitriles are the substituents cyanogens groups and the benzene ring has almost the same length of the all carbons bond and minimum deviation. 
CCCC torsional vibrations:
The ring torsions have been assigned in the region at below 800 cm -1 which is discussed in present paper referred by earlier reports 20 . The IR and Raman spectra peak observe in the region at 734, 601, 520 and 714, 604, 490 cm -1 respectively. These peaks have been calculated at the region at 751, 595, 501, 402, 146, 116 cm -1 by B3LYP methods which are well merge with observed values. And these wavenumbers are mixed with CCCN torsions in the investigated molecules. βHCC (24) νCH (98) υ-stretching; β-in plane bending;
δ-Out-of-plane bending; τ-torsion; TED-Total Energy Distribution
C-O vibrations
The observed region 1360-1260 cm -1 is the best frequency vibration for carbonyl group 21 . For the reason that of its sky-scraping intensity 22 and the comparatively interference-free province in which it occurs, this band is logically effortless to distinguish. Vijay Rastogi et al., assigned vibrations of C-O band observed at 1348 cm -1 (DFT) as the stretching mode. M. Suhasini et al., assigned stretching vibrations of C-O band observed at 1646, 1629 cm -1 in the FTIR spectrum and 1633 in Raman spectrum. In the current vocation, the bands observed in 1387, 1250,1010 cm -1 at the infrared and 1312, 1030 cm -1 in Raman spectrum are assigned to the C=O stretching mode of vibrations. The hypothetically pragmatic frequencies are in very good agreement with the experimental frequencies. These C=O vibrations are also shown fairly good coherent in literature survey. The 2-(4-bromophenyl)-2-oxoethyl-3-methylbenzoate has observed at1385 cm -1 in (C-O) stretching mode 23 . For the title compound, has assigned the stretching at 1387 cm -1 (DFT) and 1312 cm-1 (Raman).
Optical property
The hyperpolarizability is contributed by the structure, bonding and vibrational of the molecule. The dipole moment (µ) and hyperpolarizability of the benzonitrile is high. In the recent molecule has been calculated the enhanced hyperpolarizability value which is due to the substituent of the benzonitrile. The bond and vibrational results are confirmed the envelope to the hyperpolarizability enlargement of the 5B2MOBN molecule. In the fields such as telephoning, signal transferring and fiber optic cables, NLO enhance the functions for the developing technologies like frequency modulation, optical changing, optical controlling and optical logical circuits 24 . The first hyperpolarizability (β) polarizability (α) and anisotropy of polarizability 25 (Δα) of 5B2MOBN is calculated using DFT with the above basic set and can be evaluated using equations (1) (2) (3) respectively. The Table. 3 listed the numerical values of above mentioned parameters. The electric is the task for the energy of the scheme because an electrical meadow exists in the molecule. 3 3 3 matrix is used for determined the hyperpolarizability. Kleinman 
CONCLUSION
From the HF/DFT methods by 6-311++G (2d, p) basis sets, computed the geometrical parameters and optimized structure. The research the experimental FT-IR, FTR spectroscopic studies are investigated first time and explained vibrations assignments with TED% using the B3LYP method.
The theoretical spectra are predicted using computational methods and well agreement with experimental results. The μ and β values of the compound were 1.56 and 4.74 times greater than that of urea, respectively.These properties show that the title compound 5B2MOBN had good chemical stability, bioactivity and optics applications for helping the future researchers and innovative thinkers.
